The vertical distribution of copepod (>64 pm)
Upwelling in the central equatorial Pacific may support up to 2 gigatons of new production per year (Chavez and Barber 1987) or approximately half of the estimated annual global new production (Eppley and Peterson 1979) . A paradox in understanding the ecology of this important oceanic region is the presence ,of relatively high concentrations of inorganic macronutrients accompanied with low chlorophyll concentrations (Cullen 1991) . Therefore, other factors such as micronutrients (i.e. iron; Martin et al. 1989) , grazing (Walsh 1976) , or both probably limit the amount of phytoplankton production. A central objective of the U.S. Joint Global Ocean Flux Study (JGOFS) in the equatorial Pacific was to determine the factors that limit primary production and the resultant flux of carbon from the euphotic zone. Thus the program examined both grazing and iron limitation of primary production (Murray et al. 1994) . Copepods were once thought to be the major grazers of phytoplankton in the ocean. However, there now is increasing evidence that phytoplankton are primarily consumed by protozoa (Capriulo et al. 1991; Landry et al. 1993) . Protozoa can efficiently ingest the small (<2 pm) phytoplankton that usually dominate oceanic waters and have growth rates that are similar to phytoplankton. In a review of the controls of phytoplankton production, Banse (1992) suggested that the most important limiting factor of phytoplankton production is grazing (mostly by protozoa), even in HNLC areas such as the equatorial Pacific Landry et al. 1997 ).
In upwelling areas new production is often dominated by diatoms. Thus in the upwelling zone of equatorial Pacific, diatoms are important components of the phytoplankton community (Chavez et al. 1990; Iriarte and Fryxell 1995; Kaczmarska and Fryxell 1994; Latasa et al. 1997 ). In contrast to the smaller autotrophs such as chroococcoid cyanobacteria and prochlorophytes, diatoms can be efficiently grazed by copepods (Frost 1972; Nival and Nival 1976; Berggreen et al. 1988) . Thus there is the potential for copepods to exhibit grazing control over diatoms and new production.
Although copepods may not be the primary grazers that control phytoplankton production, they can be important in controlling the export flux. Through their production of rapidly sinking fecal pellets, copepods contribute substantially to the flux of biogenic material (e.g. Fowler and Knauer 1986; Small et al. 1989; Altabet and Small 1990) . Because over some time scale, new production has to balance export flux, copepods could indirectly influence the overall level of new production.
More than 90% of zooplankton abundance and biomass during the JGOFS equatorial Pacific study (EqPac) was contributed by copepods . Thus, in the subsequent description of our methods and results we refer to copepod biomass, filtration rates, and grazing rates rather than the more general mesozooplankton. In this paper we present data on the vertical distribution of copepod grazing on the equator at 14O"W during March/April (19 d) and Oc-tober 1992 (21 d). We focus on the different scales of variability in copepod grazing: diel, within cruise, and between cruise. During the October cruise, a tropical instability wave passed through the study area changing the hydrography, chemistry, and biology of the water column. El NiAo conditions (warmer water, lower nutrients, lower primary production) prevailed during the March/April cruise. On the October cruise, hydrographic conditions were similar to the climatological mean. Thus we were able to contrast copepod grazing during El Nifio and "normal" conditions.
Methods
Copepod biomass -Copepods were collected from day/ night pairs of tows with a 0.25-m2-mouth area MOCNESS equipped with nine 64-pm-mesh nets with a 7 : 1 mouth: length ratio (Wiebe et al, 1985) . Transmission by underwater sensors on the MOCNESS through conducting cable to the deck yielded output of fluorescence, temperature, conductivity, depth, frame angle, volume filtered, and net-closing response at l-s intervals. Eight depth strata were sampled over oblique tows taken from 200 m to the surface. The collected samples were wet-sieved through l,OOO-pm, 500-pm, 200-pm, and 64-pm meshes and aliquots of these size fractions were dried and measured on a CHN analyzer. Details of sampling, biomass, and copepod species data are given in . The biomass data are available from the U.S. JGOFS home page (http://www I .whoi.edu/ jgofshtml).
Copepod grazing -Copepod grazing rates were estimated from the uptake of autotrophic (NaH14C02-labeled) and heterotrophic ( [7H-methyl]thymidine-labeled) particles in shortterm (< 1 h) in situ incubations (Roman and Rublee 198 1) . Particulate matter labeled with 14C included phytoplankton and, to a lesser extent, protozoa that had consumed labeled phytoplankton in the short (< I -h) incubations. Particulate matter labeled with jH included free-living bacteria, epiphytic detrital bacteria, and protozoa that had consumed labeled bacteria. Copepod grazing rates on free-living bacteria are generally assumed to be limited by their inability to capture these small particles (Boak and Goulder 1983; Roman 1984 ). Thus we assume that 7H uptake by copepods is an estimate of their ingestion of detritus and protozoa.
We conducted day/night pairs of in situ grazing measurements every other day on the equator time series (March/ April, n = 8 pairs; October, n = 10 pairs). Plexiglas 5-liter grazing chambers (General Oceanics) with 64-pm mesh covering the bottom opening were incubated' at depths corresponding to the 100, 60, 30, 20, 10, and 1% surface light levels. The bottles were lowered 10 m past the incubation depths and then raised to the desired depth in order to concentrate copepods. A messenger triggered the closing of the bottle and released radioactive tracers (100 @i liter ' NaH14C0, and 50 PCi liter-1 ['HIthymidine) into the grazing chambers. Because phytoplankton do not incorporate bicarbonate in the dark, we used only labeled thymidine for night incubations. The chambers were incubated on the hydrowire for 45 min after which they were retrieved and the copepods collected on nested 200-pm and 64-t,Lm sieves. The copepods were rinsed (filtered seawater, 10% HCl, and deionized water) onto preweighed 12-pm-pore size Nuclepore filters and dried. By using a dissecting microscope, visible detritus, protozoa, and phytoplankton were removed with a sable brush, and the nauplii and copepods counted. The filters were weighed and the weight-specific disintegrations per minute (dpm) of the isotopes were measured. Copepod carbon was assumed to be 40% of their dry weight (Beers 1966) in order to calculate the dpm per mg C of the copepods. The labeled particulate matter in the chambers (<64 pm) was collected on 0.2-and 2.0-pm-pore size Nuclepore filters to determine the specific activity of the particulate matter. We derived corrections for the absorption and adsorption of the isotopes to copepods and particulate matter in shipboard experiments using time-0 controls White and Roman 1991) . These "blank" dpms were generally less than 10% of experimental values after incubations. The isotope activity of the labeled particulate matter and copepods was used to calculate copepod filtration rates (F = liters filtered mg copepod C I h-') after Daro ( 1978) . The grazing impact of the copepod community, expressed as the fraction of a II1' cleared of particles h I, was calculated as the product of the weight-specific filtration rate determined from the in situ incubations and the copepod biomass in the same depth interval determined from day/night tows immediately prior/ after the grazing incubation. The daily estimate of copepod grazing (g = d I) was estimated by extrapolating our night and day estimated rates (thymidine-labeled samples) over the entire period of night and day. Because '"C is not incorporated by phytoplankton at night, we have estimated nighttime phytoplankton grazing rates by (1) calculating the day/night ratio in weight-specific grazing rate based on the uptake of ["HIthymidine (which is taken up at night); (2) multiplying the daytime Y grazing rate by this ratio (assumes difference in day/night weight-specific rate is the same for 'H and '"C); and (3) multiplying the estimated nighttime weight-specific grazing rate on phytoplankton by the nighttime copepod biomass. As was done for the thymidine-based grazing rates, the day and night grazing rates were extrapolated over the light and dark periods to estimate the daily removal of phytoplankton. Daily filtration rates on autotrophic and heterotrophic particles were calculated as above, except that copepod biomass was not multiplied by the weight-specific filtration rate.
There are several potential sources of error associated with this isotope grazing technique (Roman and Rublee 1981) . The method assumes that isotopes are not lost from the copepods via the production of fecal pellets. The average fecal pellet production rate determined from gut evacuation rates for copepods during our study was 30 min (Zhang et al. 1995) . Thus the 45-min in situ incubations we used would have resulted in underestimates of actual grazing rates. Note, however, that isotopes were released at the beginning of the incubations; thus, particulate matter consumed early in the incubations would be expected to have low isotopic activity.
Another source of error that results in underestimating grazing will occur if copepods select large cells (protozoa and larger phytoplankton-like diatoms) that may have a lower isotopic specific activity than do smaller cells. Thus, if the estimated "available" labeled phytoplankton (>2 pm) is biased by smaller "hotter" cells and the copepods selectively graze larger cells with less isotope per cell, grazing will be underestimated.
Chlorophyll
If labeled particulate material were left on the filters with the copepods, grazing rates will be overestimated. Although we examined all of the 12-pm filters and removed any visible detritus, protozoa, and phytoplankton, some noncopepod material may have remained on the filters. Generally, the filtered seawater, 10% HCl, and deionized water rinses are effective in reducing the counts of this residual particulate material (Roman and Rublee 1981) .
We may have overestimated grazing rates of the entire copepod community by selecting for small copepods (presumably with a higher weight-specific ingestion rate) in the in situ grazing chambers, then multiplying this rate by copepod biomass caught with the MOCNESS. The average weight of >200-pm copepods caught in the in situ chambers was 3.8 (SD = 3.1) and 2.2 (SD = 1.9) ,ug C in March/ April and October, respectively, whereas the average copepod caught in the MOCNESS (biomass/copepod count) was 3.3 (SD = 1.3) and 3.7 (SD = 1.1) pg C in March/April and October. Thus, especially in October, we may have selected for smaller copepods in the in situ chambers and possibly overestimated grazing rate by multiplying the estimated weight-specific rates by >200-pm copepod biomass. Primary Production Phytoplankton carbon consumption rates by copepods were estimated in two ways. In the first approach we multiplied the 14C grazing rates (daily weight-specific filtration rate X copepod biomass = d-l) by daily phytoplankton production estimated by in situ 14C incubations (Barber et al. 1996) to calculate phytoplankton carbon consumed (mg C m -3 or m2 d -.I). In the second approach we multiplied the 14C grazing rate by the stock of phytoplankton carbon, The latter was estimated from chlorophyll by using a carbon: chlorophyll ratio of 58 (Eppley et al. 1992 ). These two approaches gave carbon consumption estimates that varied by < 10% from each other. We report results from the approach using grazing rate X primary production because this is the basis of our grazing estimates (proportion of 14C in copepods/phytoplankton) and because assuming a constant carbon: chlorophyll ratio with depth and with different water masses that were advected through the study area may not be valid (Malone et al. 1993) . Fig. 1 ). Surface water temtober cruise (Fig. 2) . We found approximately twice as much peratures were cooler during our October 1992 study and >200-pm copepod biQmass in the euphotic zone in October similar to the climatological mean (avg. = 25.1"C; range = 24.4-25.O"C). The average depth of the mixed layer was as compared to the El Nifio conditions of March/April. There was an increase in both the absolute amount and percentage 42.1 m, although it was highly variable (range = 9.3-87.2) contribution of small copepods (>200 and < 1,000 pm) to due to passage of a tropical instability wave (Roman et al. total copepod biomass in October . Copepod filtration rates-In general, the weight-specific filtration rates of 64-200-pm copepods were higher than >200-pm copepods on both time series cruises and for filtration rates calculated using both [14C]bicarbonate and ['HIthymidine (Table 1) . Because copepods filter particles >2 pm more efficiently than particles <2 pm, filtration rates calculated using the isotope concentration in the larger particulate fraction as "available" were higher than filtration rates calculated using total (>0.2-pm) particles (P BO.01, ttest). Note that we found higher weight-specific filtration rates for >200-pm copepods in October, when mixed-layer temperatures were -3°C cooler than found during the El Nifio conditions of March/April. Filtration rates calculated using [ 14C]bicarbonate were generally higher than filtration rates calculated using [7H]thymidine for both copepod size fractions (Table 1) . The exception to this trend was >200-,um copepod filtration rates calculated by using >2.0-pm particulate matter in March/April (TS 1) when we found higher filtration rates by using ['HIthymidine. This would imply that >200-pm copepods had higher filtration rates on >2-pm heterotrophic particles (i.e. protozoa and detritus) than on the less abundant >2-pm phytoplankton. There were no significant differences (P > 0.05, t-test) between day and night weight-specific filtration rates for either copepod size fractions on the two cruises (data not shown).
Copepod grazing rates-Copepod grazing rates (weightspecific filtration rates X biomass) were generally highest in the upper water column especially for >200-pm copepods (Fig. 3) . Due to variation in grazing rates over the time series, there were no significant differences in day/night grazing rates in the water column, although on particular days, nighttime 200-pm grazing rates were higher than daytime measurements (Dam et al. [ 19951 usually found higher grazing rates at night). Note that grazing rates calculated by using [ 14C]bicarbonate were similar for both copepod size fractions during March/April and for the 64-200-pm fraction in October (Fig. 3A) , but with approximately 3X higher grazing rates for >200-pm copepods in October. In contrast, grazing rates estimated by the uptake of [jH]thymidine were similar for the same copepod size fractions on both cruises with grazing rates for >200-pm copepods higher than the 64-200-pm fraction (Fig. 3B) .
Because much of the total autotrophic and heterotrophic material labeled with [14C]bicarbonate and [?H]thymidine is too small to be filtered and ingested by copepods, grazing rates calculated by using >2-pm labeled particles were greater than grazing rates calculated by using the total (>0.2-pm) amount of labeled particles (P > 0.01, t-test). Bacteria (relatively unavailable for copepods) dominate the particles labeled with thymidine, thus copepod grazing rates calculated using >0.2-pm particles are extremely low. In contrast, grazing rates on heterotrophic particles calculated with >2.0-r_Lrn labeled particles are similar to grazing rates on >2.0-pm autotrophic particles (Table 2 ).
Time series changes-A weak tropical instability wave passed through O", 14O"W during March/April, and a stronger tropical instability wave passed our station during the October time series . Toward the end of the March/April time series (days 95-99), meridional currents were to the south, the mixed layer deepened, and integrated chlorophyll increased . Note that the average biomass of 64-200-pm copepods in the euphotic zone did not exhibit any temporal trends during the time series and that >200-pm copepods exhibited several peaks in biomass (Fig. 4A) . Daily weight-specific 64-200-pm copepod filtration rates on autotrophs increased over the cruise, with less change in >200-pm copepod filtration rates. These higher filtration rates over the time series may be the result of increases in large phytoplankton. Diatoms increased approximately fivefold from day 85 to day 95 (Iriarte and Fryxell 1995) . Thus, filtration rates likely increased with higher concentrations of diatoms (Frost 1972 ). Daily grazing rates (a function of zooplankton biomass X weight-specific filtration rates) showed little variation over the time series and were similar for both copepod size fractions (Fig. 4A) .
The major event that occurred during the October time series was the passage of a tropical instability wave that advected colder water with higher nutrients, chlorophyll, and copepods through the study area . Maximum surface chlorophyll and minimum temperatures were measured between days 284 and 286; however, maximum euphotic zone concentrations of copepods were found between days 286 and 288  Fig. 4B ). In contrast, copepod weight-specific filtration rates appeared to increase in concert with chlorophyll (Fig. 4B) . Note that we estimated six-and eight-fold differences in 64-200-pm and >200-pm weight-specific filtration rates over the October time series. Daily grazing rate (copepod biomass X weightspecific filtration rate) peaked after the maximum in chlorophyll and copepod weight-specific filtration rate (Fig. 4B) . Although the weight-specific filtration rate of the 64-200-pm copepod fraction was higher than the >200-pm fraction, a higher biomass of the latter resulted in greater grazing rates of the larger copepods. Interestingly, copepod grazing on 14C-labeled particles increased with the passage of the tropical instability wave both as a result of higher copepod biomass and weight-specific filtration rates. The latter is likely due to increases in phytoplankton (primarily diatoms) and a change in copepod species in the different water masses that were advected through the study area by the tropical instability wave.
Seasonal difierences in copepod grazing rates-Copepod grazing rates on autotrophic carbon were higher in October as compared to the El Nifio conditions of March/April (Table   2 , Fig. 5 ). This increase was the result of roughly 3X higher grazing rates of >200-pm copepods in October both from greater weight-specific filtration rates (Table 1) and biomass (Fig. 2) . There was a depression in grazing rates on phytoplankton in surface waters in March/April, perhaps due to the unusually high surface temperatures (>28"C). Phytoplankton grazing rates in October were highest in surface waters, with large variations due to passage of the tropical instability wave. Phytoplankton grazing rates calculated by assuming that only >2-pm 14C-labeled particles are available as food (Table 2) suggest that copepods can consume significant quantities of >2-pm phytoplankton production.
Grazing rates on >0.2-pm particles estimated with [?H]thymidine (predominantly bacteria) were quite low for both copepod size fractions during both March/April and October (Table 2) . However, copepod grazing rates on >2.0-pm heterotrophic particles (e.g. protozoa and detritus) were similar to grazing rates calculated on >2.0-,um phytoplankton and exceeded the latter during March/April when there were low concentrations of >2-pm phytoplankton associtober when small (>200-pm and <1 ,OOO-pm) Calanoid coated with the El Niiio (Table 2) . pepods were dominant.
Discussion
The grazing impact of the copepod community (biomass X weight-specific filtration rate) on '"C-labeled particles was similar for the 64-200-pm copepod fraction during both time series (0.023 and 0.028 d-l for March/April and October) but was higher in October (0.114 d--l) as compared to March/April (0.040 d-l) for >200-pm copepods ( Table 2 ). The composition of the phytoplankton and copepod communities both would suggest that higher weight-specific rates by the >200-pm copepod fraction should have occurred in October. There was more >2-pm chlorophyll and more fucoxanthin (pigment associated with diatoms) in October as compared to March/April (Bidagare and Ondrusek 1996). Iriarte and Fryxell (1995) found an average of 4X more diatoms >20 ,um cell size during October as compared to March/April. Given that these larger size cells are the preferred food of copepods (e.g. Frost 1972; Berggreen et al. 1988) , it is not surprising that we found higher >200-pm copepod weight-specific filtration rates in October. The species composition of the copepod community also changed between our time series studies. During March/April, cyclopoid copepods were the most dominant copepod group, and the largest zooplankton size fraction (> 1,000 pm) was dominated by carnivorous copepods . In October, cyclopoids had decreased and there were roughly twice as many Calanoid copepods (most 200-1,000 pm) in the euphotic zone . Because many cyclopoid copepods are carnivores/omnivores (Paffenhofer 1993) with relatively low weight-specific metabolic rates (Lampitt and Gamble 1982) , this would also support our observation of higher weight-specific filtration rates in Oc-
The estimated weight-specific filtration rates are similar to those reported in the literature. The average weight of a >200-pm copepod caught in the in situ grazing chambers in March/April was 3.8 pg C and in October was 2.2 ,ug C. By using these weights and the average weight-specific filtration rates of >200-pm copepods on >2-pm 14C-labeled particles (Table l) , we find average copepod-specific rates of 248 ml copepod 1 d-l in March/April and 352 ml copepod-' d-l in October. Paffenhofer (1988) reported filtration rates of >200 ml copepod-' d -I for Paracalanus in laboratory experiments conducted at 20°C with the diatom Thalassiosira weissflogii ( 12 pm cell width) as food. This copepod species is similar in size to copepods at our O", 14O"W station. Given the similar copepod size and higher temperatures (>25"C) on the equator, our estimated filtration rates appear reasonable.
During the EqPac time series study, copepod (>200 pm) grazing was also estimated by the gut fluorescence technique . March/April 1992 grazing rates by >200-,um copepod estimated from gut fluorescence (avg. = 0.047 d-', SD = 0.014 d-') were similar (P < 0.05, t-test) to grazing measurements estimated by using Because both of our studies used the same copepod biomass measurements, the differences in the grazing rates are due to different estimates of weight-specific filtration rates (grazing rate = copepod biomass X weight-specific filtration rate). Given the different assumptions and sources of error associated with the gut fluorescence and isotope grazing techniques, the results are not directly comparable unless conditions are controlled experimentally.
It is clear from both the feeding studies of Dam et al. (1995) and the results presented here that the majority of phytoplankton production in the equatorial Pacific is not consumed by copepods. Grazing by microzooplankton and Fe limitation (Coale et al. 1996) provide controls of primary production. Compared to zooplankton grazing estimates from other coastal and oceanic areas, grazing estimates from the equatorial Pacific are low (Table 3) . The largest fraction of primary production consumed is usually found in coastal areas, where perhaps larger phytoplankton favor shorter food chains and proximity to land allows a greater number of observations that are more likely to sample events when copepods are significant grazers. Lower amounts and relative proportions of primary production consumed by copepods in upwelling areas are likely the result of the nonsteady-state conditions of the ecosystems. Recently upwelled water fuels increases in phytoplankton growth rate that result in increased primary production. Because copepod growth rates are considerably slower than phytoplankton, increases in copepod abundance and grazing impact are usually manifested downstream from the upwelling source (Vinogradov and Voronina 1963) . Thus, the peak in copepod biomass (White et al. 1995) occurred off the equator (2-5"N-S) during the EqPac study.
It may be more appropriate to compare copepod grazing of phytoplankton to new production rather than to total production. Whereas total production is usually dominated by phytoplankton too small to be filtered by copepods, in the equatorial Pacific (as in most of the ocean), the major fraction of new production is by diatoms (Chavez et al. 1990; Latasa et al. 1997) . Both between-cruise and within-cruise increases in copepod grazing were associated with increases in diatoms. Grazing on 14C-labeled particles by >200-pm copepods (size fraction that would produce rapidly sinking fecal pellets) and new production were higher during the second time series when changes in new production account- ed for -30% of the variation in >200-pm copepod grazing on 14C-labeled particles (Fig. 6) . During the El Nifio conditions of March/April, new production was lower because a deeper thermocline resulted in the upwelling of warmer water with less nitrate and Fe. Warmer surface waters and fewer >2-pm phytoplankton resulted in reduced copepod biomass and dominance by cyclopoid copepods, both of which resulted in a lower phytoplankton grazing rates. In October, greater amounts of upwelled nitrate and Fe resulted in higher levels of new production, more diatoms, more Calanoid copepods, and greater consumption of phytoplankton carbon by copepods ( Table 4 ). Note that during October, estimates of phytoplankton carbon consumed by >64-pm copepods was -8 1% of new production, whereas in March/April copepod grazing averaged only 22% of new production (Table  4) .
Our copepod grazing estimates (based on 14C uptake) can be constrained by comparing the estimated daily ration, or turnover (copepod grazing/copepod biomass = d-l), to literature values as well as comparing our grazing estimates to calculated copepod metabolic demand. As expected, estimated daily ration was higher for 64-200-pm copepods (0.41 d-I March/April, 0.70 d-l October) as compared to >200-pm copepods (0.11 d-l March/April, 0.47 d -I October). Note that despite higher water temperatures in March/ April, daily ration was higher in October for both size fractions. The copepods were consuming more autotrophic carbon per unit mass in October when there were more phytoplankton >2 pm and calanoids dominated the copepod community. These daily rations are low when compared to published laboratory and field data. Copepods 2-10 pg C in size can consume > 1 .O d -I of their body carbon at ambient equatorial Pacific temperatures (e.g. Kiorboe et al. 1985; Arinardi et al. 1990 ). Thus, it is likely that the actual daily carbon consumption of the copepods was higher than our grazing estimates based on the ingestion of phytoplankton carbon because the copepods also were consuming microzooplankton (protozoa). This omnivory is also supported by estimates of the metabolic demand of copepods. Dam et al. (1995) using copepod body size and temperature estimated the respiratory carbon demand of >200-pm copepods during the EqPac study. The estimated metabolic demand was 84 and 116 mg C rnd2 d -I in March/April and October, respectively. Thus according to our average estimated grazing rates of >200-pm copepods (Table 4) carbon ingested by copepods must be higher than the metabolic demand to allow for growth and egestion (each approximately equal to metabolic demand; Kiorboe et al. 1985) . If we assume that carbon ingestion has to balance the requirements for metabolism, growth, and egestion, then our phytoplankton ingestion estimates would satisfy 12% and 5 1% to total copepod carbon demand in March/April and October, respectively. These estimates also suggest that much of the carbon consumed by copepods is microzooplankton.
Assuming that microzooplankton abundance is in steady Table 4 . Total production, new production, sinking flux, copepod grazing (mg C m-2 d-l), and copepod biomass (mg C m-2), means 2 SD. state over the EqPac time series and that copepods consume 100% of the microzooplankton production, Dam et al. (1995) constructed a food chain model that suggests that >200-pm copepods could meet their total (respiration + growth + egestion) carbon requirements by consuming phytoplankton and microzooplankton. We can estimate microzooplankton consumption another way by multiplying our grazing estimates derived from [3H]thymidine on particulate matter >2 pm by the stock of microzooplankton carbon. As described in the methods section, we assume that because copepods cannot effectively ingest free-living bacteria, their ingestion of thymidine-labeled material must have resulted from eating detritus with attached bacteria and/or protozoa that have consumed thymidine-labeled bacteria. The latter assumption has been shown to be valid for oyster larvae (Baldwin and Newell 1991) . Multiplying our estimated >200-pm copepod grazing rate on >2.0-pm heterotrophic particles (Table 2 ) by the stock of microzooplankton (avg. concentration of heterotrophic nanoflagellates + heterotrophic dinoflagellates + ciliates + radiolarians + forams in the euphotic zone for March/April and October; Verity et al. 1996) , we estimate that >200-pm copepods grazed 179 and 3 IO mg C m-2 d-l microzooplankton carbon in March/April and October, respectively. These estimated grazing rates are -6X the >200-pm copepod consumption of phytoplankton in March/April and 2X the estimated phytoplankton grazing rates in October (Table 4) . Thus, we suggest that most of the carbon consumed by >200-pm copepods during both cruises was from protozoa. The copepods probably also ingest some detrital carbon. Our observation that microzooplankton can be the major component of copepod diets is consistent with a growing body of literature on the subject (e.g. Gifford and Dagg 1988; Kleppel 1992; Small and Ellis 1992) and emphasizes that carbon flux via fecal pellets cannot be predicted solely from phytoplankton ingestion rates.
March/April
Export flux of carbon during the EqPac time series estimated from 2T"Th measurements was -26% higher in October as compared to March/April (Bacon et al. 1996 ; Table  4 ). Calculated sinking rates of particles were also 2X higher in October (Bacon et al. 1996) . Assuming that the main source of sinking material was copepod fecal pellets, these flux estimates are consistent with our measurements of greater copepod biomass and grazing rates in October (Table 4) . If we assurne that one-third of ingested phytoplankton carbon is egested as fecal pellets, we estimate a daily fecal carbon production by >200-pm copepods as 10 and 58 mg C rnp2 d-l in March/April and October, respectively. This estimated fecal carbon production represents 43% of the measured export flux in March/April and 200% of the export flux in October (Bacon et al. 1996 ; Table 4 ). These fecal pellet production estimates are based only on the ingestion of phytoplankton. As mentioned previously, by using both estimates of metabolic demand and models to balance the growth of microzooplankton as well as our estimates of microzooplankton consumption based on ["HIthymidine uptake, it is clear that a major component of copepod diets in the equatorial Pacific is heterotrophic carbon. Thus, the fecal pellet production of carbon by copepods may well be twice estimate assuming only a phytoplankton carbon diet. Comparing the fecal pellet production rate by >200-pm copepods to the gravitational flux estimated from 234Th (Bacon et al. 1996) suggests that much of the fecal material is recycled in the euphotic zone. High temperatures in the euphotic zone (>25"C) are sufficient to decompose fecal pellets in the upper water column (Honjo and Roman 1978) . The consumption of fecal pellets by zooplankton (e.g. Paffenhoffer and Knowles 1979) also serves to recycle fecal pellets within the euphotic zone.
Assuming that much of the >2-pm phytoplankton are diatoms and that diatoms are the dominant phytoplankton group supported by upwelled nitrate and Fe, copepod grazing could actually limit the amount of new production. Copepod (>64 pm) grazing rates calculated on >2.0-pm 'Clabeled particulate matter averaged 0.25 d-l in March/April and 0.88 d-l in October. Growth of diatoms estimated in dilution experiments using diatom-specific pigments (Latasa et al. 1997 ) averaged -1.2 and 1.1 d--l over the euphotic zone in March/April and October, respectively. Thus, during October, when hydrographic conditions were similar to the climatological mean and there was greater copepod biomass and more Calanoid copepods, grazing rates on >2.0-pm 14C-labeled particles were similar to diatom growth rates. During the El Nifio conditions of March/April when there was less copepod biomass and a greater dominance of cyclopoid copepods, copepod grazing rates accounted for -25% of the estimated diatom growth rates.
Interestingly, chlorophyll concentrations increased significantly in both control bottles and bottles with Fe additions during the EqPac study (Coale et al. 1996; Fitzwater et al. 1996) . Copepods were not specifically added to these bottles (water not prescreened). If, as in other grow out experiments, the Fe additions and containment effects resulted in large increases in pennate diatoms, their increase to higher than ambient concentrations could result from the lack of copepod grazing. Thus, with increased upwelling of Fe and nitrate in October as compared to March/April, new production increased only 14% (Table 4) , perhaps because the high grazing rate of the copepod community was removing most of the >2-pm phytoplankton.
